The complexes of composition R 2 Sn(L)2 and RjSnL (where R = butyl and L = monoanion of Schiff bases of S-benzyldithiocarbazate) have been prepared by the reaction of Schiff bases with metal oxides. The newly synthesized complexes have been characterized by elemental analysis, conductance measurements and molecular weight determinations. The mode of bonding and geometry of the complexes have been suggested on the basis of IR, UV and multinuclear 'H, i3 C and Sn NMR spectral studies. Schiff bases and their tin complexes have also been screened for their antibacterial activities, as several bacteria are quite active in this respect.
Introduction
The number and diversity of sulphur and nitrogen chelating agents used to prepare new coordination and organometallic compounds has increased rapidly during the past few years [l,2] . The pronounced biological activity of the metal complexes of ligands derived from dithiocarbazic acids has created a considerable interest in their coordination chemistry. Complexes of dithiocarbazates with many different transition metal ions [3, 4] have been extensively studies over the last few years and only limited information on the bonding and structural features are available for the non-transition derivatives [5] [6] [7] .
However, little is known about the complexing behavior of non-transition elements. Tin occupies an important position as a number of modern physiochemical techniques can be applied for the detailed structural and biological study of its compounds. It was, therefore, considered of interest worthwhile to synthesize and characterize organotin(lV) complexes of dithiocarbazates of heterocyclic aldehydes viz: indole-3-carboxyaldehyde, thiophene-2-aldehyde and furfuraldehyde. The structures of the ligands are shown in Fig. 1 . 
Fig. 1 Schiff bases used as ligands in this work

Materials and Methods
Chemicals and solvents used were dried and purified by standard methods and moisture was excluded from the glass apparatus using CaCI 2 drying tubes.
Preparation of
S-benzyldithiocarbazate This compound was prepared by the method of Bähr and Schleitzer [8] , Since their details are rather brief and conditions for a high yield are critical, the method is given here in detail. Potassium hydroxide (28.5 g) was completely dissolved in alcohol (135 ml)-water (15 ml) mixture and the mixture was cooled in ice. To the solution hydrazine hydrate (25 g) was added slowly with stirring. A solution of carbon disulphide (36.5 g) in alcohol (30 ml) was then added dropwise from a burette, with constant stirring, over a period of Ihr. The temperature of the mixture was kept below 10 °C during the addition. The resulting yellow oil was separated by means of a separatory funnel and dissolved in alcohol (48 ml)-water (72 ml) mixture and this solution was cooled in ice. Benzyl chloride (62.16 g) was then added slowly with vigorous mechanical stirring; after the addition the mixture was stirred for a further 10 minutes while a white product separated. Ice-cooled water (100 ml) was and then added the stirring was continued for another 10 minutes.
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The product was separated by filtration, washed with water, and dried in air. The crude product was recrystalized from benzene (150 ml); yield, 45.63 g (45.4 %); m.p. 139° C; (Found: C, 48.52 %; H, 5>00 %; N, 14.02 %; and calculated for C 8 H l0 N 2 S 2 : C, 48.48 %; H, 5.05 %; N, 14.14 %).
Preparation of the Schiff Bases
A solution of S-benzyldithiocarbazate (9.9 g; 0.043 mole) and the appropriate aldehydes (0.043 mole), indole-3-carboxylaldehyde, thiophene-2-aldehyde, furfuraldehyde in alcohol (80 ml) containing 10M hydrochloric acid (5 drops) was heated at the reflux for 2 hours. Upon cooling in ice, the mixture deposited crystals of the Schiff base, the crystal were filtered off and washed with a little ice-cold alcohol, and dried in vacuum ( 
Preparation of Organotin(lV) Complexes
Organotin(IV) oxide was added to the calculated amount of Schiff base in a 1:2 molar ratio in dry benzene as reaction medium. The contents were refluxed on a fractionating column for about 10 hours. The water liberated in the reaction was removed azeotropically with benzene. On completion of the reaction, the resulting products were rendered free from solvent and then washed repeatedly with dry cyclohexane. The products so formed were finally dried in vacuum at 40±5 °C for 2-3 hours. Their physical properties and analytical data are recorded in Table 2 .
Analytical methods
Tin was estimated gravimetrically as Sn0 2 . Nitrogen and sulphur were estimated by Kjeldahl's and Messenger's methods, respectively [9, 10] . Molar conductance measurements were made in anhydrous DMF at 36±1 °C using a Systronics conductivity bride-305. Molecular weight determinations were carried out by the Rast camphor method.
Spectral measurements
The electronic spectra were recorded in methanol on a Toshniwal spectrophotometer. Infrared spectra were obtained on a Perkin-Elmer 577 grating spectrophotometer as Nujol mulls or K.Br optics. Η NMR spectra were recorded on a Perkin-Elmer RB-12 spectrometer in CDC1 3 using TMS as internal standard at 90 MHz.
I3 C and " 9 Sn NMR spectra were recorded on a 90 MHz Jeol Fx-90 Q NMR spectrometer in CHC1 3 using TMS as an internal standard and TMT as an external standard at 22.8 and 22.7 MHz, respectively.
Antibactrial Test
In vitro Antibacterial activity of the ligands and the complexes were tested using the paper disc diffusion methods[l 1,12] at a concentration of lmg/disc. Streptomycin was used as reference compound for antibacterial activities. E. coli, S. aureus, Bacillus thurengiensis and K. pneumeniae was used as the test organisms. The liquid medium containing the bacterial subcultures was autoclaved for 20 min. at 15 lb pressure before inoculation. The bacteria were cultured for 24 h. at 36 °C in a incubator. Mueller Hinton broth was used for preparing basal media for the bioassay of the organisms. Nutrient agar was poured in a plate and allowed to solidify. The test compounds in methanol solutions was added dropwise on a 5 mm diameter filter paper disk placed in the center of the agar plates. The plates were then kept at 5 °C for lh and transferred to an incubator maintained at 36 °C. the width of the growth inhibition zone around the disk was measured after 24 h of incubation. Four replicates were taken for each treatment.
Results and Discussion
The reaction of organotin(IV) oxides with the Schiff bases of S-benzyldithiocarbazate proceed smoothly with the elimination of water, which was removed azeotropically with benzene. Where SBH is represents the Schiff bases of S-benzyldithiocarbazates The above reactions are quite facile and could be completed in 8-10 hours of refluxing in benzene and removing the liberated water azeotropically. The reaction yields hydroscopic seimi-solid or highly viscous oils, monomeric in boiling benzene, soluble in common organic solvents and susceptible to moisture. The conductance of these complexes are recorded in DMF at room temperature lie in the range, 8-20 ohm" 'cm 2 mol' 1 , suggesting their non-electrolytic nature. The physical characteristics of these complexes are given in Table. 2
Electronic Spectra
In the electronic spectra of the ligands [13] a band at -220 nm is observed which may be assigned to IB band of the phenyl ring. The shifts to higher wavenumber on complexation and is observed at -230 nm in the complexes. Also the ligands chromophore >C=N, which absorbs at -286 nm, shifts to a higher wavelength and is observed at -296 nm in the complexes. Three sharp bands are observed in the region, 248-270 nm and assigned as charge transfer bands, suggesting the formation of σ bond [14] and (p->d) [15] bonds between p-orbitals of S and vacant 5d orbitals of tin.
Infrared Spectra
The infrared spectra of the ligands show a strong band in the region 3450-3180 cm" attributable to vNH, while the band at -2570 cm"' due to vSH does not appear. However, it is observed in the solution spectra with the NH frequency disappearing, indicating that there exists a tautomeric equilibrium [16] between the two forms as indicated below R.
,S
In these complexes this band is absent showing thereby the coordination of sulphur to the metal by the loss of thiolic protons of the ligands. A medium intensity band at -1310 cm" 1 due to the vC-N and vC-S vibration is split on complexation suggesting the participation of the sulphur atom. A band of medium intensity at -1595 cm"' in the complexes may be assumed to be due to >C=N [17] , which is originally present in the ligands [18] at -1615 cm' 1 in both the solution and solid states. The shift of these bands to the lower energy indicates the coordination of the azomethine nitrogen to the tin atom. In Bu 2 Sn(L) 2 and Bu 3 SnL type of complexes. Two bands at 605 and 510 cm"' are also observed, which may be assigned to (Sn-C) asymmetric and symmetric modes respectively, thus indicating the presence of a bent C-Sn-C moiety [19] . The complexes of the type Bu 2 Sn(L) 2 show only the (Sn-C) asymmetric mode of vibration at -605 cm"'. Besides this, several new bands observed at -430 and 325 cm"' in the complexes may be assigned to ν (Sn<-N) [20] and ν (Sn-S) [21] , respectively and thus lending support to the proposed coordination in the complexes.
' Η NMR Spectra
In the 'H NMR spectra of the complexes, the disappearance of the signals at δ 4.42 ppm and δ 10.10 ppm, assignable to SH and NH protons, respectively, in the spectra of ligands, clearly indicates their deprotonation. The proton signal for azomethine proton observed at δ8.47 ppm in the ligand is shifted downfield in the spectra of tin complexes. This deshielding is possibly due to the donation of the lone pair of electrons by the azomethine nitrogen to the central tin atom, resulting in the formation of a coordinate bond.
Further, the appearance of signals due to phenyl and -CH 2 -protons in the same position at (δ 7.15- • The signals due to the carbon atoms attached to the ketonic and the azomethine groups in ligands appear at δ -190.3 and 152.3 ppm, respectively, and their corresponding tin complexes, these appears at δ -173.6 ppm (ketonic group) and at δ ~168 ppm (azomethine group), respectively. The considerable shifts in carbons attached to S and Ν indicate the involvement of S and Ν atoms in coordination. The R group attached to tin display resonance for chemically equivalent carbon, however, the butyl compounds display three resonance (resonances for two carbons being overlapped). Compound Bu 3 SnL show 'j values of -543 Hz and these are characteristic of five-coordinate tin, James et al. [26] have reported a value of 586 Hz for dibutvltin bis(p-ethoxybenzoate), for compound having five coordination around tin. The tin-carbon coupling n J(' 9 Snl3 C) values of n=l, 922 Hz; n=2, 41.6 Hz and n=3, 123.9 Hz, indicate the six coordinate around tin in such organotin(IV) complexes. The absolute J(" 9 Snl3 C) values in alkyltin group usually increase as 2 J< 3 J<'J. These are comparable corresponding six-coordinate organotin(IV) complexes [27, 28] , Singh et al [22] has reported a value of 570 Hz and 977 Hz for Bu 2 Sn/Bu 3 Sn complexes of benzilmenothiosemicarbazone.
Sη NMR Spectra
These Bu3Sn(IV) and Bu 2 Sn(IV) complexes give sharp signals at ~ δ -150.6 ppm and δ -350.2 ppm, respectively in 1 l9 Sn NMR spectra and which strongly support the five and six coordination around tin in a trigonal-bipyramidal and distorted octahedral geometry, respectively. Values [23, 24] for similar five and six coordinated Bu 2 Sn(IV) complexes have been reported in the range of δ -128 to -165 ppm and ~ δ -365 ppm, respectively.
On the basis of the observed spectral evidence, the following tentative structures with (probably distorted) trigonal-bipyramidal and octahedral geometries can be proposed:
HsCßh^CS., 
Antimicrobial Results
In general, when the compounds were tested against the E. coli, S. aureus, Bacillus thurengiensis and K. pneumeniae stains were found to posses higher activity than ligands. The results show that all compounds exhibit Antibacterial and antifungal activities. The tin complexes were found to be more potent in their inhibition properties than the free ligands.
The results reported in table 4 reveal that the tin complexes of dithiocarbazates are more active for all the test organisms than the corresponding Schiff bases complexes reported in earlier publication [19] , and this also indicates that sulphur is more affective than oxygen as suggested by Tweedy [25] . The compounds containing a halogen atom attached directly to the tin atom also showed moderate activity. Almost all the compounds were found to be more active against all the organisms used than the ligands its-self. The mode of action of these compounds may involve the formation of a hydrogen bond through the -N=C-S group with the active center of the cell constituents, resulting in an interference with the normal cell processes. Therefore, that the introduction of sulphur and tin in the organic moiety leads to increased antibacterial activies, and the preliminary results achieved have led us to conclude that this type of compounds should be studied in detail for their applications in diverse areas.
